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SUMMARY
Bicyclo 4.4.1] undecan-11-one (5) which was potentially a precausor
to the strained bicyclic bridgehead alkene- bicyclo[4.4.1]undec-1(11)-
ene (1),-- was synthesized by dialkylation of 2-carboethoxycycloheptanone
with 1,4-dihalobutane. Reactions (deuterium exchange, bromination) of
5 and the ease of thermal decarboxylation of the bicyclo L4.4.1J undecan-
11-one-1-carboxylic acid (4) indicated that the bridgehead enol of 5
could be accessible. Further attempts to convert 5 into 1 were un-
successful.
Benzobicyclo[n.4.1] ketones, n =5,+,3,2 (30a, 29a, 28a, 27a) were
prepared by dialcylation of cycloalkanone pyrroli-dine enamines and/or
2-carboethoxcycloalkanones with o-xylylenedibromide. When 30a was
treated succe.5sively with lithium diisopropylamide and benzoyl chloride,
a 1,3-diketone (32) was formed. Reactions of 29a, 28a and 27a under
similar conditions using water in place of benzoyl chloride, gave,
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In 1902, Bredt1 found that the camphoric anhydride I could not be
prepared either by dehydrobromination of the ot-bromocamphoric anhydride
II or by cyclization of the unsaturated camphoric diacid III. These
findings and related observations2 led Bredt some twenty years later
to propose a qualitative generalization which is now called the Bredt's
rule 3. This rule describes the reluctance of bridged bicyclic systems






Many exammples4 may be found in literature to support this rule:
alcohols which fail to dehydrate, alkyl halides which refuse to dehydro-
halogenate, diacids which do not form anhydrides, fl -keto acids which
resists thermal decarboxylation and- ketones which fail to exchange
their c4-protons.
aPrelog4a'b
and coworkers-had attempted top serach for the limitation
of the possibility of preparing bicyclic bridgehead olefins in the
bicyclic[n.3.1] series, and n was found to be greater than four.
Their reserach was carried out under equilibrium conditions and their
results gave no informations on related bicyclic bridgehead olefins
2which might b prepared under forcing conditions
Fawcett 4a, in his review of 1950, tried to express Bredt's rule in
more quantitative terms. He defined t} S number as the sum of atoms in
the bridges of a bicyclic system [X,,Y,Z] (where x y z). Ultilizing
informations available, he proposed that bridged bicyclic systems with
S= 9 were large enough to permit the isolation of stable bridgehead
alkenes and that transient intermediates with bridgehead double bonds
should be possible for S= 7.
Recently, Marshall5 and Wiseman6 independently and simultaneously
reported their successful preparation of the strain bridgehead alkene:
bicyclo[3.3.1]non-l-ene, which is formally a violation of Bredt's rule.
This stimulating result had prompted Wiseman6 to propose a more fundamental
criterion for qualitative evalution of the strain of bicyclic bridgehead
alkenes. He regarded the bicyclic structure with a bridgehead double
bond (I% as a fusion of a cis-cycloalkene and a trans-cycloalkene.
The stability of the bridgehead double bond is closely related to the




ThermalD eczrboxylation of - Keto acids
Decarboxylation Ring size
Compounds temperature( ° C ) of enol Ref
i not at 500 5 7
CO2 H
ii 6350 8CO2 H
( with rearrangement)
CO2 H
iii 6not at 310 9
CO2 N




vi 260 127CO2 H





x 145 8 12CO2 H
xi 132 8 15
CO2 H
temperaturestated only correlate the relative stabilities of enol
intermediatesqualitatively, as they were determined under different
conditions.
4an unstable but isolable olefin, while trans-cycloheptene has been
found to be a transient reactive species. Thus a bicyclic bridgehead
alkene should be isolable when the larger of the two rings containing
the double bond contains at least eight atoms, and certain bicyclic
bridgehead alkenes might be possibly prepared when the larger of
the two rings containing the double bond is seven-menbered. On the
basis of nowadays understandin_g,.the instability of bridgehead double
bonds in bridged bicyclic organic skeleton that causes the Pz orbitals
of the double bond to twist away from the required co-planar arrangement.
Therefore, these bridgehead double bonds would suffer torsional strain
which may be prohibitive. Wiseman's proposal is supported by thermal
decarboxylation studies of -keto acids7-16 and deuterium exchange of
a-protons of bridged bicyclic 'ketones 17-19, both reactions presumably
involving enol intermediates.
Table 1 lists some of the known ,3-keto acids showing the correlations
between the ease of decarboxylation and the size of the ring containing
the intermediate enol.
Table 1 clearly shows that those (3-keto acids which may be de-
carboxylated at lower temperatures (below 200°C) have their corre-
sponding enols contained in.a eight-membered ring, while those may not
be decarboxylated or may be decarboxylated at elevated temperatures
(above 200°C) have their corresponding enols contained in a six or
seven-membered ring.
However, Ferris and Miller 12,16 suggested that decarboxylation
reactions of small size bicyclic -keto acids (such as vi, vii and ix
in Table 1) need not proceed via an enol intermediate, but rather might
adopt an ionic transition state as shown below:
50 H0. C
CO2H 0 HC 0
0
This mechanism, although appears to have some applicability, never-
theless has not been tested on a broader basis.
Base catalyzed deuterium exchange of bridged bicyclic ketones (see
Table 2) also qualitatively supports Wiseman's proposal. It is generally
accepted that ketones exchange their ol-hydrogens under basic conditions
via an enol intermediate. Again, it might be noticed that ketones xii
and xv having bridgehead enols contained in a eight-membered ring ex-
changed smoothly, while the ketone xiv having a seven-membered ring
bridgehead enol exchange incompletely. Thus, the ring size of a bridge-
head enol reflects the inherent ability of a bridge bicyclic system to
accommodate a bridgehead double bond. We may regard, therefore, the
ease of formation of a bridgehead enol as a qualitative measure of the
possibility for isolation of the corresponding bridgehead olefin.
Recently, the reports on the. synthesis of some bridged bicyclic
alkenes showed the validity of the above arguments. Bicyclo [3.3.1]non-
1-ene5'6 (V), bicyclo[4.2.1]non-1(2)-ene20 (VI) and bicyclo[4.2.1 non-
1(8)-ene20 (VII) which all contain a trans-cyclooctene moiety are reactive
but isolable compounds. On the contrary9 bicyclo [3.2.2]non-l-ene21 (VIII),
Table 2
Base -catalyszed Deuterium exchange of
Some Bicyclic Ketones.
Ring maizeDeuterium
incorp.(% -d)Conditions of enol ReKe tone
Na0 CR3/CH3OD, 100 8 17xii
0 1 hr, 200
0.1M NaOD/D20, 100xv 188
0
.35 hr, 95 .
41-dxiv NaOCH3 /CH3OD, 1970
0 47 -d148 hr, 60°
13 -d2
bi cyclo [3.2.2] non-1 (7)-ene?- (IX), bicyclo [3.2.1] oct-1-ene22 (X) and bicyclo-
L3.2.hioct_1(7)-e 22 (XI) which contain a trans-cycloheptene moiety, can
only be isolated at -80° and all readily dimerize at room temperatire.
V vi VII
VIII Ix x XI
7STE T j JM NT OF PROBLEM
T he above discussionpromptedthe idea to search for a stable com -
pound incorporatedwith a trans _ cycloheptenemoiety. B icyclo [ 4 . 4 . 1 ]
osen . T his bridge bicyclic alkene is expectedto
undec- 1 ( 1 1 ) - enewaschosen. T hisbridgealk neis expectedto
be morestablethanthe analogousbicyclo[ 3 . 2 . 2 ] nonenes2 1 and bicyclo-
stable thanbe more
[ 3 . 2 . 1 ] octenes2 2 , owingto the longerthird trimethylenebridg con -
e cloheptene moiety . M oreover , correlation between
strainingth , . try y
id ehead enols and ring sizes constrainingthe enols
the reactivity of bridgehea
are of great interest , and therefore we have undertakento prepare a
series of bicyclo[ n . 4 1 ] ketones, each containingone seven - membered
ring while the size of the third bridge varied from two to five methylene
units.
8SYlYrl. il[4TIC APPROACHES
(I) Synthesis of Bicyclo[4.4.1]undec-1(11)-ene.
There are very little avaliable informations in the literature for
the preparation of the bicyclo[4.4.1]undecane framework. The choices
are further restricted by the requirement that a functional group must
be introduced at the 11 position. Ring expansion and ring contraction
reactions of appropriate bicyclic systems are of little synthetic ultility,
as these reactions involved rather tedious procedure. From the point of
view of simplicity and operational facility, the dialkylation of -keto
ester 2 with 1, 4-dihalides. was most appealing. In this way, two functional
groups are introduced at the appropriate adjacent carbon atoms, namely
C-1 and C-11, in one step. The only drawback anticipated is the inter-
ference of 0-alkylation, thus causing a separation problem.
Conversion of 3 to 1 has to be effected under conditions which are
forcing in nature, and also allow the removal of 1 as it is formed.
Alternately, other facile transformations operating at sub-zero temperatures
may also be considered. The rationale here is to minimize further re-
actions of the very reactive 1 after its generation.
The stereospecific synthesis of olefins by desulfurization of thiono-
carbonates with trialkylphosphites23 is a distinct. possible choice, since
it has been applied successfully to the preparations of bicyclo[3.2.1]-
oct-1(2)-ene and bicyclo [3.2.1],oct-1(7)-ene22. In our case, the -keto
ester I presumably could be converted to the diol 10 via the reaction





































for nossible eliminative decaboxyla Lion as exernplied by the synthe,i.
o f bicyclo [3.3.1] non-1-one by Marshall5.
Also, the ketone 5 could be converted to the teritary amine 14 by
a modified Leuckart-Wallach procedure 24, which could serve as the common
intermediate in a Hoffmann and Cope elimination reaction to the alkene
1. Alternatively, the tosylhydrazon,e dervied from 5 may be degradated
to 1 either by treatment with methyllithium25 or by pyrolysis of its
sodium salt26. (see Scheme II)
Gutsche and coworkers17 had demonstrated that bicyclo 15.2.11decan-
10-one could be prepared by ring enlargement of cyclohexanone with 1,4-
bisdiazobutane. In view of the ultility of the ketone 5, a similar re-






















11) Synthesis of Sicyclo [n.4.1] ketone, n= 5, 4,3,2.
1
The -dialkylation of enamines has been used to synthesize bi-
cyclic and tricyclic ketones. Bicyclo[4.3.1]decan-10-one and bicyclo-
[2.1]nonan-9-one were prepared in 15 and 32% yield respectively, by
he reaction of cyclohexanone and cyclopentanone pyrrolidine enam nes 27
with 1,4-diiodobutane, while using o-xylylenedibromide, the yields of
the corresponding benzobicyclic ketones were risen to 31 and 72% respect-
ively. However, this reaction reportedly failed to give bicyclic ketones
.rom the enamines of cycloheptanone and cyclooctanone with either one of
the dihalides.
As the materials required are readily available, and the products
should be easily separable, this reaction was expected to become the
:ain-stay of our synthetic planning. Noting that o-xylylendibromide
gave better yield, we planned, nevertheless, to re-examine its reaction
with various enamines, in spite of the fact that the final products
would have a slightly different general structure. It is, however,
reasonable to argue that the benzene moiety thus incorporated being
reiote from the bridgehead positions, would not impart significant









(1) A. Synthesis of Bicyclo[4.4.1]undecan-11-one.
As shown in Scheme 1, -keto ester 2 was prepared by known proced-
ur e28 in 40-55% yields, and showed the same it spectral characteristics
as reported previously. Alkylation reactions were accomplished by sodium
hydride, since alkoxide and amide bases might lead to ketonic cleavage
of -keto estes29 29 Reaction of 2 with 1, 4-dibro mobutane using one role
equivlaent of hydride, gave the monoalkylated product 19 in 78% yield.
The structure of 19 followed from its spectral data and chemical conversion.
The nmr spectrum displayed a quartet (2H, J= 6.8 Hz) at 5.78 and a
triplet (3H, J= 6.8 Hz) at 8.75 for the ethyl ester, a triplet (21H., J-
6.6 Hz) at It 6.59 for the bromomethylene protons, a multiplet at T 7.25-
7.72 (2H) for the off-protons, and an envolope at T 7.72-8.50 (14H) for
the ring and the remaining methylene protons. In its it spectrum, two
intense carbonyl bands at 1725 and 1695 cm-1 were observed. Compound 19
was hydrolyzed and decarboxylated to 2-(4-bromobutyl)cycloheptanone (20)
which was also identified by spectral analysis. The it spectrum of 20
showed only one carbonyl absorption frequency at 1705 cm-1. The nmr
spectrum exhibited no triplet-quartet' for the ethyl ester group, but a
triplet (2H, J= 6.0 Hz) at T 6.70 for the bromnomethylene, a multiplet
(3H) for the ck-protons at T7.50-7.88, and an envolope of the ring and
side chain hydrogens at T 7.90-9.00 (14H).
Dialkylation of 2 with 1,4-dibromobutane gave two products, which
was separated by preparative vpc. The first was the 0-alkylation pro-
duct- enol ether 21-, the structure of which was confirmed by
14
spectral data and chemical degradations. The it spectrurn bowed un3at-
orated absorptions at 30 10 and 1650 cm-1, and an ester carbonyl band at
-1
1690 cry The nmr spectrum displayed a vinyl triplet (1H, J= 6.0 Hz)
at 4.30, a quartet (2H, J= 6.8 Hz) at 5.70 and a triplet (3H, J =6.8
Hz) atr'8.75 for the ethyl ester, a multiplet (2H) at 6.07 for the
methylene protons o, to the oxygen atom, and an envelope (11+H) at 7 .78-
8.50 for the ring protons. This enol ether could be hydrolyzed to the
corresponding alcohol (ir showed intense absorption at 3700-3300 cm- 1
by oxalic acid in ether. Moreover, 21 could be degradated to the ketone
20 by refluxing in 48% hydrobromic acid for 12 hr. The second product
was assigned the structure of bicyclic B -keto ester 2. It exhibited
two intense carbonyl absorptions at 1730 and 1695 cm-1. The nmr spectrum
showed a quartet (2H, J= 6.8 Hz) at 5.78 and a triplet (3H., J= 6.8 Hz)
at -8.73 for the ethyl ester, a multiplet OH) at 6 85-7.30 for the
bridgehead hydrogen and an envelope (16H) at 7.92-8.52 for the ring
protons. B-Keto ester 3 was saponified to the B -keto acid 4 in dilute
alkaline. Spectral data of 4 supported the above structural assignment.
The it spectrum of 4 showed strong hydrogen bonding at 3300-2830 cm-1
and an intense band at 1700 cm-1 for the carbonyl functions. The nmr
spectrum showed a broad singlet (1H) at -1.10 for the acid hydrogen,
a multiplet (1H) atT6.75-7.35 for the bridgehead hydrogen, and a huge
Multiplet (16H) at 7.84-8.60 for the ring protons..
The relative ratio of the enol ether 21 to the B -keto ester 3 was
found to be 78: 22 by vpc. This high 0/C alkylation ratio is rather
unusual, since alkylation of cyclic B -keto esters with alkyl halides
should, in general, favor C-alkylation products30. This ratio was
15
somewhat improved (67.5:32.5) by employing 1.4-diiodohutanA as
iodide is known to give more C-alkylation in genaral30.
0 0




















It has been well documented that the 0/C alkylation ratio in the
alkylation of enolates depends on many factors31, namely, the nature
of the alkylating agent, the reaction temperature, the cation of the enol-
late salt, and the nature of the solvent. Owing to practical limintations,
16
the only avenue open to us was to vary the nature of the solvent with the
view to maximizeC - alkylation. Therefore, we undertooka study of the
solvent effect on the intramoleculrcyclizationof 19 in a variety of
solvents . The results presentedin Table 3 are in agreementwith the
commonly observed polarity effect of the solvent .
Table 3
Intramolecularcyclizationof 19 * .
Relativeratio ( o )
21Solvent 3
21. 51 . benzene 78. 5
85. 814. 22 . Toluene
89. 210. 83 . 1 , 2 - dimethoxyethane
11. 5 88. 54 . 1 , 4 - dioxane
0 1005 . n - hexane
6 . N , N - dimethylforrnamide
7 . tetrahydrofurane
the crude reactionproduct was analyzedby vpc , . and only the
ratio of 3 / 21 was estimatedfrom their peak - areas of the
chromatogram.
we have consistentlyobtained a complex mixture such that
estimation of the ratios would have little significance.
17
I t is evidentfrom T able 3 that the hitch 0 / C alkyylationratio could
not be accountedfor in terms of solvent effects . W hile we have found
that the nature of the dihalide was of some significance, however , this
strikingly high proportionof O - alkylation cannot be thus fully explained .
I t may be gatheredfrom an examinationof a model that the high o / C
alkylation ratio could be a result of conformationalpreference: o -
alkylationcan proceed with equal ease when the side - chain is either at
the axial or equatorial positions , whereas C - alkylation requires the
specific conformationn which the side - chain occupies the axial position .
T herefore , the activationenergy of C - alkylationwould be higher than
that of O - alkylation.
T he overallyield of the - keto acid 4 based on 2 was only 7 % in
the average, and was repeatedlyfound to be not greaterthan 1 0 % . R e -
cently , A tkinson and G reene 3 2 reportedthat dialkylationof 2 - phenylcyclo-
hexanonewith 1 , 3 - dibrornopropaneand sodium hydride , gave the olefin XIV
and the enol ether XV . without any bicyclic ketone . P resumably, olefin
o '0 00 ( CH2 ) 3 Br




XIV was a de ydrohalorenation productof the monoa 1 kylated ketone XI 1 l
with the enolate actin as the base . In our case , it seems likely that
the same dehydrohalogenationof the a - keto ester 19 together with inter -
molecular alkylation must have occured throughoutthe course of the re -
action , and consequentlyseriously suppressed. the yield of the desired
product.
This problem of low yield had severly limited the scope of our sub -
sequent work , and instigateda major effort to seek a better synthetic
alternative. In addition , separationof a mixture containing3 and 21
was a difficult task , because both are viscous oil of rather similar but
high boiling points . The separation was accomplishedby hydrolysis of
the enol ether 21 under mild conditionsand column chromatography.
Decarboxylationof the acid 4 was accomplishedither by heating
at 180 ° or in triglyrneat reflux . The spectraldata of 5 confirmedits
structure. An intense carbonylband was found at 1690 cm - 1 in the it
spectrum. The nmr spectrumshowedtwo multiplets: T 7 . 00 - 7 . 50 ( 2 H ) for
the bridgeheadprotonsand T 7 . 78 - 8 . 61 ( 16 H ) for the ring protons.
To explore the reactivity of the bridgeheadhydrogensof the . ketone
5 , an attempt was made to effect deuteriumexchangeby heating 5 in a
mixtureof sodiummethoxideand methanol- d 4 at 160 ° in a sealed tube for
1 + 8 hr . Partialdeuteriumexchange( ca . 11 % ) was found by nmr integration.
As a further test , 5 was brominatedto the corresponding1 , 6 - dibrorno-
ketone 23 in a solution of bromine in carbon tetrachloridecontaining
catalyticamountof hydrobromicacid , at 70 ° .
19
The to re of 23 was supportedby its spectral data . The n
spectrumdisplayedtwo multiplets, in 1 : 1 ratio , at 7 . 40 - 7 . 65 ( 8 H )
for the methyleneprotonsd to the hri 1 ehead bromineatom , and . at
7 . 80 - 8 . 60 ( 8 H ) for the remainingmethyleneprotons. The carbonyl
stretchingabsorptionwas observedat 1730 cm - 1 . This shift of stretch -
in frequency( from 1700 to 1730 cm - 1 ) was in agreementwith the struct -
ural assignmentfor 23 , since substitutionin the p ( - position of
ketone with electronegativegroups brings about a slight increase in
the C = 0 absorptionfrequency( 10 - 20 cm - 1 ) 33 . The mass spectrumof 23
further confirmed its structure . The relative intensities of the peaks
at m / e 322 , 324 , and 326 was foundto be in a ratio of 1 : 2 : 1 in -
dicating the presence of two bromine atoms .
0
0




In contrastto relatedsystemsin Tables1 , 2 . , and . 4 , the facile
of decarboxylationof the f 3 - keto acid 4 , deuteriumexchangeand
brominationf the ketone 5 , indicates that the bridgeheadenol of 5
should be quite readily accessible. By inference, the alkene 1 may
be stable enough to be preparedand isolated .
bicyclo[ 5 . 3 . 1 ] undecan- 11 - one was brominatedto the corresponding
1 , 7 - bibromoketoneunder similarconditions. ( ref 15 )
20
Table4
Correlationsof the stabilities of some bicyclic
bridgeheadalkenes and the ring size of bridgeheadenols .
Olefin - Keto acid Ring size Decarb. Ref.
of enoltemp. ( ° C )














( I ) B . A ttemptedS ynthesisof B icyclo[ 4 . 4 . 1 ] undec- 1 ( 1 1 ) - ene.
A s shown in S cheme II , the tosylhydrazone1 7 wars obtainedin high
field by standardprocedure. H owever , conversionf 1 7 to the alkene
1 was not fruitful : treatmentof 1 7 with excess methyllithiurleither at
- 2 0 o or at refluxingether temperaturegave only the lithium salt .
P yrolysisof the tosylhydrazonesodiumsalt 1 8 at 1 8 0 ° gave one
major product( 1 8 a ) T he it spectrumof 1 8 a showedintenseabsorption
bandsat 1 6 0 8 , 1 4 7 5 , 1 4 3 5 , and 1 3 5 5 cm - 1 . T he nmrspectrumdisplayed
three multipletsin 1 : 1 : 9 integrationratio at 6 . 2 5 , 7 . 1 8 , and
8 . 3 4 respectively. T he mass spectrumexhibitedclustersof peaks 1 4
mass units apart the main feature being the molecularion at m / e 3 2 8
and two intensep aksat m / e 1 6 4 and 1 6 6 .
N a
- CH3- N - SO2
N O
Br 2 / CCl 4
1 8 0
1 8 a 1 8 b
1 8
C ompound1 8 a seemed to decolorizea dilute solution of brominein
carbon tetrachloride, and a yellow solid 1 8 b was obtained. T he it spect -
rum resemblesthat of 1 8 a , but has an additionalbroadpeak at 2 5 8 0 cm - 1 .
T he mass spectrumof 1 8 b was almostidenticalwith that of 1 8 a , only the
peak patternsat higher m / e regions were slightly altered . B ased on these
availabledata , the structureof 1 8 a could not be elucidated, and hence ,
22
this route, to tho alken.e 1 ws not investigated further.
Reduction of the B -keto ester 3 to the hydroxy ester 6 was urisii :cess-
ful. either by refluxing 3 with sodi u.urn borohydride in isopropyl alcohol, or
via a l1eerwein-Pondorf procedure. The failure may possibly be attributed
to the sterically crowded environment of the ketone function, thus render-
ing reduction processes extremely slow. As mentioned earlier, 3 was only
available in very limited quantity and it was not considered advisable
to carry out further trials along this line.
The alternative route that might also lead to the diol 10, as shown
in Scheme I, was explored. 13 -Keto acid 4 was converted to the desired
p(-bromo ketone 12 in high yield by a modified Hunsdiecker reaction 34
The spectral analysis of 12 confirmed its structure. The carbonyl ab-
sorption frequency was found at 1700 cm-1, an increase of 10 cm-1 from.
that of the parent ketone. The nmr spectrum of 12 showed three multiplets:
7-7-00 OH) for the bridgehead proton, 7.45-7.90 (4H) for the methylene
protons to the bridgehead bromine atom, and 7.90-8.65 (12H) for the
remaining ring hydrogens. Solvolysis of 12 was carried out in a mixture
of silver acetate in acetic acid at its refluxing temperature for 48 hr.
A brown residue was obtained after work-up. The it spectrum of this
residue showed a small shoulder at 3050 cm-1, together with two intense
bands at 1700 and 1450 cm-1. Vpc and tic analyses both indicated it had
one major component together with some minor contaminants. The nmr
spectrum of this crude product displayed a vinyl triplet at 4.60( J=
5.3 Hz), and a shoulder at 7.60 and two adjacent multiplets at 7.75-8.12,
8.12-8.90 with the integration ratio very close to 1: 1: 4: 8 respect-
ively. From these spectral data, the structure of 24, the elimination
23
rroductof 1 2 , is suggested. T he triplet at 4 . 6 0 accountfor the vinyl
proton, and the mlultipletat 7 . 7 5 - 8 . 1 2 refersto the allyl hydrogens, ns .
0 0A g 0 A c , HOAc
-Br
1 2 2 4
T o aid in the structuralproof of 2 4 , we sought an unequivocaldehydro-
brominationprocedure. F or this purpose , anhydrouslithium chloride -
dimethylformamide3 5 - which has been widely used in dehydrobrominationof
- bromo ketones- - was chosen . T he eliminationproduct2 5 thus obtained,
did show identical it spectrum and essentiallythe same nmr spectrum as
thoseof 2 4
0
L i CI / DMF 2 5-Br
1 2
the integrationratio here was ca . 1 : 2 : 5 : 1 2 , whichwas
inconsistentwith the expected structure 2 4 .
24
Compounds 5 was converted into its 2,4-diriitronylhydrazon•a
derivative 26) whose elemental analysis fitted the calculated value
for C17H2ON404. The melting point of the 2,1f-dinitrophenylhydrazoe of
24 was not depressed by admixing with 26. Thus, based on these available
evidences, the structure of the solvolysis product 24 should be an of, (3-
unsaturated ketone as shown. This result is rather unusual, since 36
ketone 12 is potentially susceptible towards Favorskii rearrangement'
Amination of the ketone 5 via a modified Leuckart-'WVallaca procedure,
as in Scheme II, failed to yield the tertiary amine 14, and the unreacted
6 was recovered in over 8o% in many trials. Presumably, the hindered
nature of the keto function made this transformation impossible. The
reaction sequence is also terminated at this stage, owing to the poor
overall yield of 5 based on 2.
The preparation of the ketone 5 by a ring enlargement reaction was
also not fruitful. Reaction of cyclopentanone with 1,6-bisdiazohexane
generated from the corresponding bis-N-nitrosourethane, gave a complex
mixture. Vpc analysis indicated that some fifteen components were
obtained. Two of these were of greater proportions and were separated,
but none was the ketone 5. The reaction was not further explored.
25
(II)A. Synthesis of Bicyclo [n.4.1] Ketones, n -5,4,3,2.
Only the h',nzobicyclo n.4.1 ketone:3 were synth° sized, as they might
be obtained in beter yields. Among the series, the ketones 27a and 28a
were obtained in 70 and 30% yields respectively by reported procedures27.
Although it im s noted that this reaction failed with the enamines of
cycloheptanone and cyclooctanone, we have reinvestigated these reactions
and found that dialkylation of cycloheptanone enamine with o-xylylene-
dibromide did yield the benzobicyclic ketone 29a, except that the
hydrolysis of the imminium salt required the use of dilute alkaline. In














To complete the series, an alternative route was examined. The di.-
alkylation of 2-c arboethoxycyclooctanone with o-xylylenedibromide was
attempted. Vpc analysis of the crude reaction product indicated the
presence of one major component which was separated by preparative vpc
and was identified as the keto ester 30c. The reaction was also feasible

















The strnckhin of 30c and 270 fpollowed fros their nmr spactral data:
30c showed an aryl. sin l.Eet at a quartet-triplet at T 4.90
300
Hz) and 8.75 (711 J= 6.8 Hz) for the ethyl ester, an AB
quartet centered at 7.02 (2H, U= 15 Hz) for the benzylic methylene
hyrdogens adjacent to the ester function, a complex multiplet at T 6.94
rog
7.58 (3H) for the other benzylic methylene and the bridgehead protons,
and an envelope at 't 8.55 (1CH) for the ring protons 29c displayed an
, quartet-triplet at T 6.00 (2H, J= 6.8 Hz)aryl singlet at L 3.10 (4- H) a
and T 8.82 (3H t J= 6.8 Hz) for the ethyl ester, an AB quartet centered
at 6.95 (2H, J= 15 Hz) for the benzylic methylene hydrogens adjacent t
to the ester function, a broad peak at 'r 7.20 (3H) for the bridgehead
and the other benzylic protons, and a large broad peak at 8.55 (8H) for
the ring methylene protons.
In contrast to the case of the (3-keto ester 2 which gave mainly
0-alkylation, the use of o-xylylenedibromide caused predominatedly C
alkylation. This striking result was in good agreement with the explana
tion we have made to account for the poor yield of 3, for dehydrobromina
tion of the monoalkylated products would not be possible. Furthermore,
the cis-configuration of the more reactive benzyldibromide would facilitate
the intramolecular cyclization of the monoalkylated intermediate.
These -keto ester were purified as their corresponding 3 -keto
acids (28d, 29d,. 30d), as they were high boiling, viscous materials.
Saponification was effected in dilute alcoholic base, and these acids
were decarboxylated to the ketones 28a, 29a, and 30a by refluxing in
triglyme. The ketones 28a and 29a showed identical it and nmr spectra
with those of the ketones prepared via dialkylation of enamines.
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(II) B. Reactions of Benzobicyclo [n. 4. 1] Ketones, n=5.4.3.2
Owing to the lirnition of time for this projct, we could only ex-
plore a few reactions of these ketones, since most of our efforts had
been concentrated on the synthesis of the ketone 5.
The incorporation of-the benzene ring into the bicyclic structure
is not without merit. The benzylic and aromatic hydrogens first of all
enable easier structural analysis by nmr. Second, the benzylic positions
provide an entry to a series of twisted of, 13 -unsaturated ketones (31).
It should be of interest to examine the effect of distortion from co-
planarity on the chemical reactivities. The possible synthetic pathways


















Unortunat1y, these react ionns all gave cornples mixture. NEC
bromination of the ketone. ?7.z and 233, or the ethylene glycol ket,al
of 28a (28e), yielded complex mixtures accordin to tlc analys is.
Eli: inative decarboxylation of the keto acid 28d and 29d also gave
complex mixtures containing more than ten components, as indicated by
v c analysis. Finally, conversion of 29d to its corresponding of -bromo
ketone via Hunsdiecker procedures suffered the same defect.
In view of these results, our attention was diverted to the
possibility of the generation of bridgehead enols of the ketones 27a-30a
under appropriate conditions. However, it is clear that these bridgehead
enols could be generated under forcing conditions requiring the use of
a strong base. Lithium N,NT-diisopropylamide has been known to be a
Powerful base which can be prepared from commerically available reagents 37.
This base forma a color complex with 2,2' -bipyridyl in etheral solvents
permitting the quantitative conversion of active methylene compounds
to their enolates by a titration procedure.
When the ketone 30a (in slight excess) was added at -40° to a solution
01 lithium diisopropylamide in 1,2-dimethoxyethane, a white solid was
formed almost immediately with the concommitant disappearence of the
violet color of the indicator. Subsequent addition of benzoyl chloride
brought about an exothermic reaction and the dissolution of the white
solid. After the usual work-up and purification by column chromatograpy,
a white crystalline solid was obtain in 63% yield. Its nmr spectrum
(Fig. 1a)-- multiplets at 2.85 (2H) 9 3.00 (3H), 3.25 (4H) and complex
30
absorption pattern from 6.40-9.20(15H) , -clearl" indicates trio
incorporation of a b?nzovl group. Though the complexity of the up fi' 1d
CH3








signals are not helpful in structural elucidation, the integration ratio
nonetheless unambigously established that the overall reaction is a net
replacement of a hydrogen by the benzoyl group. Barring any sketal re-
arrangement, there are only two possible products: one from the C-alkyl-
ation of the bridgehead enolate (32) and the other from 0-alkylation (33).
Fortunately, the it spectrum (Fig. lb) allows a differentiation between
the two. There are three major bands at 1695, 1634, and 1226 cm-1 arising
from C=O stretching and bending. The presence of the first two
carbonyl bands immediately rules out the structure 33, while the bending
neither the solvent effect of benzene nor the use of shift reagents
could resolve these signals into an interpretable pattern.
0=c
33ph
2 : 3 : 4
Fig . 1 a
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31
absorptionis only explicab1 e in terms of a new ketone function, as the
parent ketone 3 Ca does not show a similar absorptionprobably due to the
constrailt of the bicyclic sturucture .
Final proof of the structure 32 derived from barium hydroxide
hydrolysiswhich yielded 30 a and benzoic acid .
Ketone 29 a , however , when treated with lithium diisoiropylamide
did not give an insolublesolid , as in the case of 32 . Furthermore, the
product isolated after addition of benzoyl chloride was a benzoate ,
identifiedby the it absorptionsat 1710 , 1250 and 1100 cm - 1 . Its nmr
spectrum reveals , surprisingly, fifteen non - aromatic protons . Had the
reaction proceededin a manner analogousto 30 a , only thirteen non -
aromatic protons were expected . This excess most likely arose from the
product of a reductionreaction . To shed more light on the subject , a
similar experiment was run except water was used instead of benzoyl
chloride . In this case , the product was shown by its nmr spectrum( vide
infra ) to be a secondaryalcohol3 + a . Oxidation( Jones reagent) of 34 a
32
afforded the starting ketone 29a. Reduction of 29a With lithiurtris-t-
butoxxyaluminium hydride to 34a constitutes definite structural proof.
The above result is rather striking. That lithium diisopropylamide,
thus far exclusively used as a strong base, could efficiently reduce a
ketone to an alcohol at sub-zero temperatures was very surprising, in
view of its normal behavour towards 30a. It seems that it possesses
the ambient property of a hydride donor in addition to that of a strong
base. Faced with the choice of removing a proton from thus generating
an unstable enolate, it adopted the presumably easier path of donating
a proton to the carbonyl group. A possible rationalization of the reaction











Pursuant to the above, it was expected that ketones 27a and
should also be reduced by the amide to the corresponding alcohols, since
their bridgehead enols should be even less stable, Indeed, this ex-
pectation was confirmed experimentally. The alcohols 35 and 36 were
identified by the same chemical transformations as elaborated for 34a.
33
before emharking on thE elucid4Aati.on of the stereochemi try of
alcohols 34a,36 and 36 the conformations of tiielr corresponding keatones
should be established. From conformational grounds, these ketones are
seen to adopt the chair forms. Examination of the nmr spectra of 27a and
28a supports the above contention. Ketone 27a exhibits four sets of non-
aromatic protons at 7.15 (4w,), 7.57 (2K) 8.22 (2H) and 8.75 (2H), as
shown below. The significant difference in chemical shifts between the
endo- and exo-protons of the ethano-bridge can only be explained by the










A similar situation is found in the nmr spectrum of 28a. The tri-
methylene bridge gives rise to 2 sets of multiplets at 8.25 (4H) and
8.87 (2H), in agreement with the twin-chair conformation in which the
C-8 methylene protons are the ones deshielded by the benzene ring. The
same preference for the twin-chair form may also be derived from comparison
with bicyclo [3.3.1] nonan-9-one (XVI). which in spite of the serious
steric repulsion between C-3 and C-7 methylene groups, nevertheless
H
34
theadopts th tu in-chair contormation38. In28a repulsion between t e two
ends is exoected to be far less since one of the offending methylene









Similar to the case of XVI, the predominance of the twin-chair form
of 28a is exclusive as shown by the lack of significant change in its
nmr spectrum from 20° to 110.
The nmr spectrum of 29a, however, does not shed any light on.its
conformation. It shows only two broad single peaks at T 7.3 (6H) and
T8.6 (8H) for the non-aromatic protons. This gross simplicity may be
due to coincidence of chemical shifts and/ or rapid ring inversion.
The latter is rather unlikely for the spectrum remains unchanged from
20° to -70°0
Returning to the stereochemistry of the alcohols, it can be seen
that each ketone may give rise to two isomeric alcohols. Approach of
the hydride donor from the side of polymethylene bridge would give an
alcohol with the hydroxy group syn to the benzene ring, whereas approach
35
of the hydride donor from the outer side would yield the alcohol with an







In each of our experiments, only one alcohol was obtained as
established by the sharpness of its melting point, tlc and vpc analyses.
Under ordinary circumstances, distinction between the two possible
isomers would not be an easy task, especially when only one of them is
available. Fortunately in our case, the rigidity of the benzocyclo-
heptane moiety makes stereochemical assignment possible. It is an
established fact that hydrogens bearing 1,3-diaxial relationship with
an hydroxy group is deshielded. The magnitude of deshielding varies
from 0.2-0.5ppm39 o As a reference, The magnitude of deshielding varies
(28e) was prepared to determine the magnitude of deshielding of the
axial benzylic protons relative to the equatorial ones. The nmr spectrum
(Fig. 2) of the ketal clearly demonstrates that such deshielding occurs.
The benzylic protons give rise to an AB quartet with the A portion
further coupled to the bridgehead protons. The axial protons absorb






protons resonate at T 7.55 (doublets of the A portion, JAB- 15 Hz,
J A_C_H = 6 Hz). The absence of coupling between the axial protons and
bridgehead protons may be easily explained from the dihedral angles.
A model shows that the dihedral angle made by the axial benzylic C-H
and the bridgehead C-H is almost exactly 90° From the Kaplus relation40
it may be seen that these protons would not be coupled to any large

























almost the same chemical shifts, the d shiel in, effect is very pronounced
(0.8pp,m). The coa ormation of the ketal is readily shown as that of twin-
chair by the presence of signals amounting to two protons at 9.24.
This high field signal can only be attributed to the C-8 methylene group
which is deshielded by the benzene ring.
With the deshielding effect established, the syn structure of the
alcohol 35 follows from the presence of a similar AB quartet (A portion
split into two doublets) in its nmr spectrum (Fig. 3). The magnitude of
deshielding here is of the order of 1 ppm. By the same argument, alcohol
34a should have the sin structure also.
However, the nmr spectrum (Fig. 4) of 34a does not reveal any de-
shielding effect. From integration data, all four benzylic protons are
found to resonate at T 7.27 (multiplet), roughly the-same as the equatorial
protons of 35 but 0.6 ppm upfield of the axial protons of 35. Consequently,
it is assigned the anti structure.
The nmr spectrum of 34a at 60 MHz consists of a few overlapping
multiplets, but in that of its benzoate determined at 270 MHz, assignment
of chemical shifts may be made (see below). The high field absorption
at 7. 9.13 (multiplet) corresponding to two protons (also observed with
the alcohol 35) can only be due to the shielding of the benzene ring.
Inspection of a model revealed that 34b may adopt two twin-chair
conformations:
































Conformation 34c compares poorly with 34b as it should have consider-
able repulsion between the ethano moiety and the benzene ring.
The obtention of only one isomeric alcohol from 27a may be explained
by the difference of steric environments to the approach of the hydride
donor from either side. As shown above, it can be seen that the axial
benzylic hydrogens block the approach of the hydride donor from the
same side. But the cause of the stereospecificity in the amide reduction
of 27a, 28a and 29a remains very much unresolved. Any rationalization
must take into account that the same products are obtainable from
reduction with lithium tris-t-butoxyaluminiurri hydride.














Infrared and nmr (60 MNz) soectral data of
keto acids 30c, 29c, and 28c.
Infrared (KBr)















Compound (J, Hz) Assignment
-1.85 S30c acid
2.80 S aromatic
Ph-CH 2 -C-COOH6.92, 6.63 AB q, (15)




7.05, 6.65 AB q, (15)
m.7.00-7.20
Ph-CH2 -C-COON
Bridgehead and Ph-CH2-C8.00-8.80 m
28c 2.60-2.90 m acid and aromatic
6.83, 6.58 AB q, (18)
6.40-7.25 m
Ph-CH2-C-COOH





Infrared and nmr (60HHZ) soctrat data of
ketones 30a, 29a, 28a, and 27a.
Incared
Compound ribs. frequency (cm-1) Assigrnent
30a (neat) 1680 C=0
740 l.2-disubst. benzene,
29a (neat) 1690 C=0
74o 1,2-disubst. benzene
28a (CClk) 1710 c=0
27a (CCl1) 1735 c=0
NNrnr (cc14)
Multiplicity
Compound (J, Hz) Assignment
2.8130a S aromatic
6.90-7.55 m benzylic and bridgehead
8.08-9.10 m ring
29a 3.35 S aromatic
S7.33 benzylic and bridgehead
8.20-8,80 m ring
28a S3.25 aromatic







Infrared and nmr (60 mHz) spectral data of
alcohols 34a, 35, and 6.
Infrared (CC14):









Compound (J, Hz) Assignment
34a 3.00 S aromatic
6.05 t, C4.5) H-C-OH
7.00-7.85 benzyi and bridgehead
7.70 -OHS
7.05-9.55 m ring





36 3.00 S aromatic








Melting points were determined on a Kofler microheating stage and
are uncorrected. Boiling points are uncorrected. Infrared spectra were
recorded on a Beckman IR 10 spectrometer. Nmr spectra were determined
with a JOEL 60-HL spectrometer and the chemical shifts are reported in
ppm units with respect to internal TNS standard. Vapor phase chromato-
graphy was performed on a Hewlett Packard 700 laboratory chromatography
equipped with a 81t x 0.5in. stainless steel column packed with 10%
silicon gum rubber SE-30 on Chromosorb W (80-100) for preparative works,
and a 6ft x 0.25in. column packed with the same material for analysis.
Microanalysis were done by Australian Nicroanalytical Service, University
of Melbourne, Australia. Mass spectra were determined by Morgan Schaffer
Corporation, Montreal, Canada. E. Merck silica gel GF254 was used for
tlc analysis. Anhydrous sodium sulfate was used as a drying agent.
Petroleum ether refers to the fraction boiling between 50-75° unless
otherwise stated.
2-Carboethoxycycloheptanone (2) The reported procedure 28 of carbo-
ehtoxylation of cycloheptanone was used on 1OOg (0.89 mole) of cyclo-
heptanone and 216g (1.86 mole) of diethyl carbonate. The crude product
was roughly fractionated through a 10-cm Clasien head'(collected at 126-
1380/14mm). The pure B -keto ester was obtained by redistillation
through a 1-m Nester and Faust spinning band column (90-91°/3mm), and
was found pure by vpc. The yield was 90g (56% based on cycloheptanone).
Alternatively, 2 could be prepared by acylation of cycloheptanone enamine,
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and the Method of Stockf t3 was followed. Thus, 81gr (0.93 mole)of eyelo-
heptanone ave 94g (73%) morpholine enami .e which yielded 52.1g of 2
(41.5% based on enamine).
Dialkylation of 2 with 1,4-dihalobutane. (3 and 21) The general
procedure is illustrated by the following with the use of 1,4-diiodo-
butane:
A 2-litre three-necked flask equipped with a mechanical stirrer, a
dropping funnel, and a refluxing condenser was flame-dried under nitrogen.
Freshly ground sodium hydride (15.1g, 0.63mole) was suspended in 300m1
of dry toluene. To the stirring mixture was added dropwise 115.7g (0.63
mole) of 2. After the evolution of hydrogen had subsided, 583g (3x0.63
mole) of 1,4-diiodobutane was added in one portion. The emulsion was
stirred vigorously at room temperature overnight, then heated under re-
flux for 4 hr. Another portion of freshly ground sodium hydride (19.6g,
0.63 mole+ 20% excess) and 400mi solvent added. The mixture was heated
under reflux for 60 hr. After decomposition of the unreacted hydride
with methanol, the mixture was filtered. The filtrate was washed with
saturated brine, dried, and concentrated. The yellow residue was roughly
fractionated under reduced pressure (110-130°/0.6mm) to give a mixture
of 3 and 21. Redistillation through a 1-m Nester and Faust. spinning
band column gave only pure 21, bp 90-94° (0.5mm) it (neat) 1728, 1690
cm-1 nmr (CCl4) 4.30 (1H, t, J= 6.0 Hz), 5.70 (2H,q,J=6.8Hz),
6.07 (2H, m), 7.78-8.50 (14H, m), 8.75 (3H, t, J= 6.8 Hz).
Compound 21 was hydrolyzed to the alcohol 22 by stirring in a
mixture of 2g of oxalic acid in ether for 48 hr. Infrared of 22 showed
intense absorption band at 3700-3300 cm-1.
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To obtain pure 3, a 2.2.4g mixture of 3 and 21 (1:1 mixture by vac)
was dissolved in a solution of 200m1 95 ethanol containing 1ml. conc.
hydrochloric acid, and was heated under reflux for 2 hr. Ethanol was
removed on a rotatory evaporatory and the residue was taken up in ether.
The ethanol solution was washed with 10% NaHCO3 solution, and then sat-
urated brine. Removal of ether gave a yellow residue which was chrorr:ato-
graphed on 350g alumina (Woelm, basic, activity II). Elution with pet.
ether - benzene 1:1 mixture gave 11.Og (7% based on 2) pure 3: ir (neat)
1730, 1695 cm-1 nmr (CC14) 5.78 (2H, q, J= 6.8 Hz), 6.85-7.30 (1H,
m), 7.92-8.52 (16H,m), 8.73 C3H, t, J= 6.8 Hz).
2-(4-Bromobutyl)-2-carboethoxycycloheptanone. (19) Three grams
of sodium hydride (0.066 mole, 50% suspension in mineral oil, washed
with three 20m1 portions of dry n-pentane) in 50m1 dry xylene was stirred
magnetically under a nitrogen atm. Keto-ester 2( 11g, 0.060 mole) was
added dropwise. After the evolution of hydrogen ceased, 55.4g (4x0.06
mole) of 1,4-diiodobutane and 50m1 dry dimethylformamide was added and
the mixture was heated at 80-90° with stirring for 16 hr. The cooled
mixture was poured into 400m1 water, and was extracted with three 1O0m1
of ether. After the removal of ether, distillation of the residue at
reduced pressure gave 15.Og (78.4% based on 2) of 19, bp 142-4° (0.3mm);
it (neat) 1725, 1695 cm-1; nmr (CC1 4) T5.78 (2H, q,J =6.8 Hz), 6.59
(2H, t, J= 6.6 Hz), 7.25-7.72 (2H,m), 7.72-8.50 (14H, m), 8.75 C3H, t,
J= 6.8 Hz).
45
2-(4-Bromobutyl)cycloheptanone. (20) Twenty-seven grams of 21
(0.113 mole) was heated under ref lux with 100 ml of 48/ hydrobromic acid
for 8 hr. The cooled reaction mixture was dilute with 150ml water and
the organic phase was extracted with 2xlOOml of ether. The combined
ether extract was washed with 5% NaHCO3 solution, then with saturated
brine. After drying and concentration, distillation of the residue rave
18.Og (64.2%) 13, bp 112-8° (0.2mm) it (neat) 1705 cm-1 nmr (CCl4
6.70 (2H, t, J= 6.0 Hz), 7.50-7.88 (3H, m), 7.90-9.00 (14H, M).
Alternatively, 5.2g (16.2 mmole) of 19 when treated with 50:ril of
48% hydrobromic acid in the same manner, gave 2.2g (52.3%) of 20 which
shows identical it spectrum as the product obtained above.
Anal. Calcd. for C11H19OBr: C, 53.43 H, 7.75 Br, 32.34
Found: C, 53.26 H, 8.02 Br, 32.00.
General Procedure for Cyclization of 19. Each run was carried
out on a 3-5 mmole scale. All solvents were dried over sodium wire,
or distilled from calcium hydride.
A 100rn1 three-necked flask provided with a magnetical stirrer, a
thermometer, a refluxing condenser and an addition funnel, was flame-
dried under nitrogen. To the flask was charged with 0.15g (3rnmole) of
sodium hydride (50% suspension in mineral oil, washed with three 15:nl
portions of solvent before use) and 30m1 solvent. B -Keto ester 19
(0.9578, 3mmole) was added and the mixture was heated at 80-90° (except
for those trials in which the boiling points of solvents were below 80°,
in which cases they were heated at their refluxing temperatures). After
48 hr, the mixture was cooled to room temperature and was washed with
water. When water-slouble solvent was used, the remaining solvent was
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remov d on a rotatory evaporator and the residue t=iken up an ether.
After drying and removal of solvent, the residue was analyzed by vpc.
The ratio of 3 to .21 was estimated by the ratio of their peak areas.
The results were summarized in Table 3.
Bicyclo [4.4.1] undecan--11-one-l -carboxylic acid. (4) Half a gram
of 3 (2.1 mmole) in 20m1 10-,-o NaOH solution was heated under ref lu x for
16 hr. The cooled solution was washed with ether, followed by acidifi-
cation with conc. hydrochloric acid. The solid was suction filtered.
The yield was 0.4g (91%), mp 141-3°. Recrystallization from pet. ether
(60-80°) containing several drops of chloroform gave white crystalline
solids, mp 142-4°. Sublimation gave an analytical sample it (KBr)
3300-2850, 1700 cm-1; nmr (CDC1) -1.1 (1H S),6.76-7.35 (1H, m),
7.84-8.60 (16H, m).
final. Calcd. for C12H1803: C, 68.52 H, 8.63
Found: C, 68.65 H, 8.51.
Bicyclo [4.4.1Jundecan-11-one. (5) (3-Keto acid 4 (1.8g, 2.1 mmole)
was dissolved in 25m1 triglyme (distilled from calcium hydride), and
was heated at 190-200° with sitrring. The evolution of carbon dioxide
was monitored by the weight increase of an IndicarbT tube. After 6 hr,
decarboxylation was complete. The cold triglyme solution was poured
into 200ml water, followed by extraction with six 50m1 portions of n-
pentane. The combined n-pentane extract was washed with five 50m1
portions of water. The solvent was distilled off on a steam bath to
give a light yellow liquid. Pure 5, mp 33-35°, was obtained by preparative
vpc it (neat) 1700 cm -1; nmr (CC14) 7.00-7.50 (2H, m), 7.78-8.61
(16H, m).
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Its, 4-cd lnitrophenylhydrazone melted at 193.5-2000.
hual. Calcd. for C H N 0: C17 22 4 4 58.79 H, 6.40 N, 16.17
Found: C, 58.95 H, 6.21 N, 16.47.
Attempted synthesis of 5 by ring enlargement of cyclopentanone.
The procedure of Gutsche17 or Jacobson 42 was followed. The 1,6-
bisnitrosourethane was prepared from 1,6-hexamethylenediamine by
standard procedures43. Either trials gave only a complex mixture
containing some fifteen components.
Deuterium exchange of 5. A mixture of sodium methoxide in
methanol-d4 was prepared by dissolving a small piece of freshly cut
sodium metal (ca. 6mg) in 0.2m1 methanol-d4 in a thick-walled glass
tubing. To this mixture was added 100mg of 5, followed by another 0.3m1
methanol-d4. The content was degased and the tube was sealed. After
heating at 160° in a furnace for 48 hr, the mixture was transfered into
a nmr tube. The amount of deuterium incorporation was determined by nmr
integration.
1, 6-Dibromobicyclo [4.4.1] undecan-11-one. (23) The ketone 5
(600mg, 0.30mmole) was added to a mixture of 300mg(1.88 mmole) of
bromine, 5m1 carbon tetrachloride and two drops of 48% hydrobromic acid.
The mixture was sealed in a 1ft x 0.5in. glass-tubing, and the tube was
heated in boiling n-hexane vapor (690) for 48 hr. The contents were
removed and the red solid was dissolved by adding 10m1 carbon tetra-
chloride. The brown solution was washed with dil. NaHSO3 solution, then
saturated brine and dried. Solvent was distilled off on a steam bath,
to give a white-solid. Recrystallization from methanol afforded white
needles, mu 182-5°; it (KBr) 1730 cm-1 nmr (CIJCl3) 7.40-7.65
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SH,m)7.80-8.60(8H,m);mass spectrum, m/e324(M ),the reative
intnsitied of pcaks at m/e 332.324.326=1:2:1 indicates the
presence of two bromine atoms.
Anal. Calcd. for C11H16OBr2: C, 40.77 H, 4.98
C, 40.96 H, 5.04
D-Toiuenesulf ony1hydrazone 17. The ketone 5 (600mg, 3.6rnmole)
and 1.Og (5.4 mrnole) of p-toluenesulfonylhydraz? de were dissolved in
5m1 of abs. ethanol containing three drops of conc. hydrochloric acid.
This mixture was heated under reflux for 5 hr. Upon cooling to room
temperature, white crystalline solids separated out, and was suction
filtered. Recrystallization from abs. ethanol gave colorless crystals,
1.Og (83.3%), mp 183-5°; it (KBr) 3400, 3200 (N-H), 1600 (C=N) cm-1;
nmr (CDC13) -1 .40( 1Hi, s, N-H), AB quartet at 1.95 (2H, J= 9.0 Hz),
and 2.52 (2H, J= 9.0 Hz, aromatic hydrogens), 7.05 (2H, m bridgehead
protons), 7.50 3H,s,-CH3), 8.10-9.00 (16H, m, ring protons).
Reaction of 17 with methyllithium. The tosylhydrazone 17 (0.334,
1 mrnole) was dissolved in 6m1 anhydrous ether. To this stirred solution
was added 6m1 of 1.4 molar methyllithium etheral solution and a yellow
solution was obtained. After stirring for 2 hr (or heated under reflux
for 4 hr), water was added to decompose any unreacted methyllithiun.
The ether solution was washed with dil. hydrochloride acid, saturated
brine and dried. Removal of solvent gave a white solid which was found
to be 17 by comparing their it spectra.
p-Toluenesulfonylhydrazone sodium salt 18. A solution of sodium
methoxide in methanol was prepared by dissolving 0.1g of sodium metal
in 10ml methanol. To this solution was added 1.338( 4mmole) of 17,
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:girl. to dis'-so lve, and the :3olvent was removed under reduced pre.sure.
The white sodium salt was dried over P205 in a vaccum desicator for 48 hr.
Pyro?.,ysi of tosylhydrazone sodium :.,alt 18. A 25m1 round bottom
flask containing 18 obtained from the above procedure, was connected
to a series of three traps. The first was cooled with Dryice-acetone
mixture, while the remainders by liq. nitrogen. The system was evaculated
(ca. 1mm), and the flask was quickly heated to 155° with a preheated oil
bath. The temperature of the oil bath was raiser. to 185° after 20 min.,
angingfinally 95 Decomposition of 18 was observed at temperature
ranging from 165-185°. After 3 hr, water was. added to dissolve the re-
sidue in the flask, followed by ether extraction of the organic materials.
The ether extracts 'were washed with saturated brine, dried and concentrated
to a colorless residue which solidified on standing. Vpc and tic anal-
yses both indicated one major component(>90%). Recrystallization
from methanol gave white clusters (18a), mp 93 -5°. This solid seemed to
decolorized a dil. solution of bromine in carbon tetrachloride to yield
a yellow solid. Recrystallization from carbon tetrachloride gave yellow
clusters (18b), mp 160-3°.
The materials collected in the first cold traps was analyzed by vpc,
and was found to be a very complex mixture containing more than ten
components. Nothing was collected in the second and third traps.
1-Bromobicyclo [4. 4. 1j undecan-11-one (12) One half gram (2.38
mmole) of 4 and 0.52g (2.4mmole) of red mercuric oxide were suspended in
7ml carbon tetrachloride (previously distilled from P205). To this
stirred mixture was added dropwise a solution of 0.4g (2.5mmole) of
bromine in 3ml carbon tetrachloride. The mixture was heated under
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refltix for 1 hr, cooled and filtered. The clear filtrate was washe with
10ml of 5% NaOH solution, water and dried. Evaporation of solvent on a
steam bath gave 0.45g (78.5% based on 4) of white solids. Recrystallization
from methanol gave white crystals, mp 67-9°; it (KBr) 1700 cm- 1
nmr (CC14) 7.00 (1H, m), 7.45-7.90 (4H, m), 7.90-8.65 (12H, m).
Anal. Calcd. for C11H170Br: C, 53.89 H, 6.99 Br, 32.59
Found: C, 54.01 H, 6.95 Br, 32.35
Solvolysis of 1-bromobicyclo [4.4.1] undecan-11-one. (24) Silver
acetate (0.1834g, 1.lmmole) and 0.24g (1mmole) of 12 were heated under
reflux in 70m1 glacial acetic acid with stirring. After 48 hr, the gray
precipate from the reaction was suction filtered, and most of the acetic
acid was distilled off at atm. pressure. The brown residue was dilute
with ether, washed with 10% NaHCO3 solution and the water. Ether was
evaporated on a steam bath, and 24 was collected by preparative vpc
it (neat) 3050, 1700, 1450 cm-1 nmr (CC14) 4.60 (1H, t, J =5.3 Hz),
7.60 (1H, m)7.75-8.12 (4H, m), 8.12-8.90 (8H, m).
The 2,4-dinitrophenylhydrazone of 24 melted at 161-3°.
Anal. Calcd. for C 17 g 20 N 4 0 4: C, 5929 H, 5.85 N, 16.2
Found: C, 58.81 H, 5.85 N, 16.08.
Attempted elimination of 12. Anhydrous lithium chloride (0.34g,
8mmole) and 0.46g (2mmole) of 12 in 25m1 dry dimethylformamide were
heated at 100° for 3 hr under a nitrogen atm. The clear, cooled solution
was then poured into 100ml cold water, followed by extraction with three
40ml portions of n-pentane. The combined n-pentane extracts were washed
with water, dried and concentrated to a yellow residue. Vpc analysis
showed one major product together with two minor components having longer
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retention times. The 2.4-dinitrophenylhydrazone of this yellow resid e
exhibited the Same it spectrum and rnp as that obtained in the soivoly:i3
reaction.
Attempted synthesis of tertiary amine 14. The procedure of
24
Bach was followed only the starting ketone was recovered in over 80%,
in three runs.
Attempted reduction of 3. B-Ketj ester 3 (3.20, 10nmole) and
1g of sodium borohydride were heated under reflux for 3 hr. After usual
work-up, a viscous oil was obtained which was identified as the un-
reacted 3 by ir.
Synthesis of benzobicyclo [n.4.1] ketones, n= 4, 3, 2, by dialkylation
of enamines. (29a, 28a, 27a) The pyrrolidine enamines of cycloheptanone,
cyclohexanone, cyclopentanone were prepared by the method of Stork 41
o-Xylylenedibromide was obtained-by bromination of o-xylene with NBS.
The procedure of Optiz27 was followed in the dialkylation of en-
amines with the exception of that diisopropylethylamine was used instead
of dicyclohexylethylamine.
(a) 3,4-benzobicvclo [4.4.1] undecan-11-one. (29a) Cycloheptanone
enamine (37.5g, 0.227mole) gave 7.7g (16%) of 29a, bp 128-1300 (0.3mm)
it (neat) 1690, 740 cm-1 Nmr( CC14) 3.35 (4H, s,), 7.33 (6H, s),
8.20-8.80( 8H, M).
Its 2,4-dinitrophenylhydrazone melted at 181-3°.
Anal. 2,1-DNP of 29a, Calcd. for C21H22N4O4: C, 63.95 H, 5.62 N, 14.20
Found: C, 63.68 H, 5.62 N, 14.23.
(b) 3,4-benzobicycloL[4.3.1] decan-10-one. (28a) Cyclohexanone
enamine (50g, 0.32mole) gave 20.Og (30%) of 28a, bpl01-120° (0.05mm),
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mc 71-20: in (ccl4)1710cm-1 ; nmr(ccl4) 3.25 (4H,S), 7.00-755
(9H, M), 8.00-9.10(6H,M)
recedure44The ethylene glycol ketal 28e was prepared by standard P..
Recrystallizatioi, from ethanol afforded white needles, m 106-7.
P 7.
(c) 3.4-benzobicyclo [4.2.1]nonan-9-one. (27a) CTclopentsone
enamine (27.5g, 0.2rnole) gave 26.58 (71%) of 27a n5g (71%) OF 27a, mp 90-10; ir(CCL4)
1735 crn-1
nrnr (CC14) T3.07 (4H, s), 7.02-7.70( 6H, m), 8.00-8.94
( 4H, m).
Synthesis of benzobicyclo In. 4. 1 1 ketones, n= 5,4,3 by dialkylation
of -keto estors. (30a, 29a, 28a)
2-Carboethoxycyclooctanone (30b)
was prepared by published procedure45 and 2-carboethoxcycloh yyclohexanone was
purchased from Fluka. The general procedure is illustrated by the
preparation of 9,10-benzobicyclo[5.4.1]dodecan-12-one. (30a)
A 500m1 three-necked flask provided with a mechanical stirrer, a
refluxing condenser and an addition fuunnel was flame-dried under nitr oen.
To the flask was charged with 14.48 of sodium hydride (50% suspension i in
mineral oil, washed twice with 150ml portions of pet.e.ther, once with
150m1 dry benzene) in 150ml dry benzene. -Keto ester 30b (19.6 0.1
g, mole) in 20m1 benzene was added dropwise with stirring. When the evolution
of hydrogen had subsided, 26.48 (0.lmole) of o -xyxlylenedibromide was
introduced in one lot. The mixture was heated under reflux for 20 hr.
After the reaction mixture had cooled to 5-10° by an ice-bath, 10rn1 acetic
acid was added slowly with vigorous stirring. The paste was dilute with
20m1 water, and the benzene layer was separated. The aqueous layer was
extracted with two 100ml portions of ether. The combined organic portions
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Were washed with 5% NaIICO 3
and was saponified by refluxing in a mixture
containing 3O,m1 95% ethanol and 40ml 10% potassium hydroxide. After
j+8 hr, the cooled Mixture was washed twice with ether, followed by
acidification with conc, hydrochloride acid. The acid. (30d) was
suction filtered. The yield was 8.5g (31.4%). An analytical sample
was obtained by repeated recrystallization from pet. ether (80-100°)-
chloroform mixture, mp 157-160° it (KBr) 3300-2500, 1715, 1685, 7--1
CM- nmr (CnC13) T -1.85 (1H, s), 2.80 (4H, s), 6.92-6.63 (2H, ABq,
J= 15 Hz), 6.60-7.30 (4H, m), 7.80-9.10( 1OH, M).
Anal. Calcd. for'C17H2003: C, 74.97 H, 7.40
Found: C, 75.13 H, 7.31.
The acid 30d was decarboxylated by refluxing in triglyme for 4 hr.
The work-up procedure was the same as that of 4. Thus, 6.0g (0.022mole)
of crude 30d gave 4.5g (88.5j0) of 30a, bp 140-2° (0.05mm) it (neat)
1580, 740 cm-1 nrnr (CC1 4,) T 2.82 (4H, s), 6.90-7.5 55 (6H, m), 8.08-
9.10 (10H, M). Its 2,4-dinitrophenylhydrazone melted at 181.5-1830.
Anal. 2, 4-DNP of 30a. Calcd. for C22H24N404 C, 64.69 H, 5.92, N, 13.72
Found: C, 64.6o H, 5.95 N, 13.84.
3,4-benzobicyclo [4.4.1J undecan-11-one. (29a) (3-Keto ester 2
(26g, 0.142mole) reacted with 37g (0.142mole) of o-xy1 ylenedibromlde
in the same manner, gave 25g crude product. Recrystallization from pet,
ether gave 13.5g (37%) of 29c, mp 170-2°. An analytical sample was
obtained from repeated recrystallization from the same solvent
it (Kbr) 3300-2500, 1715, 1690, 760 cm-1 nmr (CDC1) 3 T` -1.0 (1H S),
3.00 (4H, s), 6.65-7.00(2x, ABq, J= 15 Hz), 7.00-7.20 (3H, s), 8.0o-8.8o
(8H, m).
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AnaL Calcd. for C16 H18 03 C, 74.401803C16H18O3: C,74.40;H,7.02;
Found: C, 74.63.H, 7.03.
Decarboxylation of 5g of 29c was effected by refluxing in triglyme
for 6 hr to give 3.5g (85% 5%) of 29a,, by 128-130°( 0. 1 mm)
314-benzobicyclo 4.3.11 decan-10-one. (28a) Since the enolate
derived from 28b did not dissolved in benzene, therefore a mixed solvent
of benzene and monoglyme (2: 1) was employed. -Keto ester 28b (17g,
0.lmole) and 26.4g (0.lmole) of o-xylylenedibromide gave 9.39 (38%)
of 28c after recrystallization from pet. ether (80-100°)-chlorof orm
mixture. Recrystallization from ethyl acetate gave an analytical sample,
mp 189-190.5° (sintered at 1500).
Anal. Calcd. for C15H1 103: C, 73-75 H, 6.60
Found: C, 7.3.67 H, 6.68.
Refiuxing 2g of 28c in triglyrne for 8 hr, agave 1.13.g (76°) of 28a.
Attempted synthesis of 1-bromo-3,4-benzobicyclo Cn.4.1 ketones n =4 3•
The procedure and conditions for the preparation of 12 were followed.
In both cases, reaction of 29c and 28c gave complex mixtures as in-
dicated by vpc. Alternatively, 29c was converted to its silver salt
which upon treatment of bromine in carbon tetrachloride also gave a
complex mixture.
Attempted decarboxylative elimination of 29c with lead tetraacetate.
6
The procedure of Corey was followed. Reaction of 2.Og of 29c,
4.0g of dry lead tetraacetate, 2m1 pyridine and 50mg of cupric acetate
in 20m1 dry benzene yielded a complex mixture after work-up.
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General pi coce: jdure of reactions of lithium diisoropy1amide with
benzoricyclo [n.4.1 1] ketones, n =5, 4 312.
A 50ml.four-necked flask provided with a mechanical stirrer, an
addition funnel, a thermometer and a nitrogen inlet tube was flame-
dried under nitrogen. NNionoglyme (20m1, distilled from calcium hydride)
and 2, 2-bipydriyl (ca. 2mg) was added. After the solution was cooled
to -40° by a dryice-acetone mixture, 8.8m1 n-butyllithium (1.7 molar
n-hexane solution) was introduced. While the temperature was maintained
at -40°, 2.1ml (15mmole) of N,N-diisopropylamine was added slowly.
Then, 16-17 mmole of ketone in 10ml monoglyme was added with vigorous
stirring until the violet color of the mixture discharged. Finally,
7ml of freshly distilled benzoyl chloride (or 3ml of water) was intro-
duced. The temperature rose immediately, but it was kept below 5°.
After stirring for 15 min., the mixture was poured into 150m1 ice-
cold saturated NaHCO3 solution in order to hydrolyze the unreacted
benzoyl chloride. If water is used instead of benzoyl chloride, the
mixture was concentrated in vacuo and the residue was taken up in ether.
When the powerful odor of benzoyl chloride was no longer detectable
(ca. 12 hr), the organic layer was separated. The aqueous layer was
extracted twice with 50m1 ether. The combined organic portions were
washed with saturated brine, and dried. The solvent was removed in vacuo,
and the residue was analyzed by tic.
(a) 1,3-diketone 32. The ketone 30a (3-75g, 16*4mmole) was
treated with benzoyl chloride in the described manner. Tlc analysis
showed one major spot, Rf= 0.42. Chromatography with silica gel and
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elution with ethyl acetate-95%pet . ether gave 3.4g (63%) of 3%
mP 117-8 0. Reczry talllzation from net. ether (60-80) furnished an
analytical sample it (CC11 ) 1695, 1684, 1226 crr:-1 nmr (CCl 4)
2.85 (2H, m), 3.00 (3H, m), 6.40-9.20 (15H, m).
Anal. Calcd. for C 23H 2402: C, 83.09 H, 7.27
Found: Cl, 83.23 H, 7.25.
(b) benzoate 34b. A yellow oil was obtained from 2g (9.35rn-nole)
of 29a after treatment with benzoyl chloride. Tlc analysis showed six
spots with the major one at Rf= 0.54. This oil was chromatographed
over 60g silica gel, elution with 5% ethyl acetate- 15% benzene- 80%
pet. ether gave white crystalline solid 34b. An analytical sample
was obtained after recrystallization from pet. ether (60-80°), mp 125.5-
127° it (CC14) 1710, 1250, 1100 cm-1 nmr (CC1 4 )-r 2.00 (2Ht m)?
2.60 C3H, m), 3.00 (4H, s,), 4.6o (1H, t, J= 4.5 Hz), 6.82-7.50 (6H,
m), 7.75-9.50 (8H, m).
Anal. Calcd. for C22H2402: C, 82.46 H, 7.55
Found: C, 82.76 H, 7.49,
(c) anti- alcohol 34a. A mixture containing two components
was obtained from 1.5.g (7mrole) of 29a after treatment with water.
Column chromatography on silica gel furnished pure 34a, mp 107-9°.
Recrystallization from n-pentane gave an analytical samlePle (CC14)
3200, 1050 cm-1; nmr (CC14) 3.00 (4H, s) 6.05 (1H, t, J= 4.5 Hz),
7.00-7.85( 6H, m), 7.70 (1H, s), 7085-9.55 (8H, m).
Anal. Calcd. for C15 H2O0: C, 83.28 H, 9.31
Found: C, 83.40 H, 9.30.
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Oxidationf 34 a , with Jone ' s reagentgave an oil which was found to
be the ketone 29 a by comparisonof it spectra.
Reductionof 29 , a was accomplishedby refluxing34 a with excess
lithium tris - t - butoxyalurniniumhydride in monoglymefor 12 hr . This
alcohol( 0 . 35 g ) showedidenticalit and nmr spectras those of 34 a .
stn - alcohol35 . Reactionof 3 . 8 g ( 19 mmole) of 28 a gave an oil
which was chromatographedover 100 g silica gel . Elution with 20 % ether -
80 % pet . ethergave1 g ( 26 . 4 % ) of pure35 , mp 116 . . 5 - 90 and1 . 12 g of
unreacted 28 a . Recrystallizationfrom n - pentane - methylenechloride
mixtureyieldedan analyticals mple, mp 119 - 120 ° ； ir ( CC 14 ) 3600 -
3200, 1050cm- 1 ; nmr( CC14 ) t 3 . 08 ( 4 H , s ) . 6 . 13 ( 1 H , t , J = 4 . 5 Hz ) . ,
7 . 00- 7 . 85( 6 H , m ) , 7 . 70( 1 H , s ) , 7 . 85- 9 . 55( 6 H , m )
Anal. Calcd. for C 14 H 1804: C , 83 . 12 H , 8 . 96
Found: C , 83 . 00 H , 8 . 97 .
Reductionwith excess lithium tris - t - butoxyalurniniumhydride in
monoglymefor 11 hr , 0 . 6 g 28 a gave 0 . 358 35 after recrystallization
frompet . ether, mp 106 - 119 .
( e ) si - alcohol36 . A brownresiduewas obtainedfrom 3 . 92 g
( 20 mmole) of 27 a . Tlc showedtwo spotswith the majorone at Rf = 0 . 24 .
After column chromatography( silic gel ) and recrstallizationfr m pet *
ether - carbontetrachloridemixture, 1 . 2 g ( 30 . 6 % ) of 36 was obtained,
mp 119 - 1200it ( CC 14 ) 3605- 3200, 1085cm - 1 nmr ( CC 14 ) 3 . 00 ( 4 H ,
s ) , 5 . 83( 1 H , m ) , 6 . 35- 8 . 00( 6 H , ' m ) , 8 . 78( 1 H , s ) , 8 . 27- 8 . 95( 4 H , m ) .
Anal. Calcd. for C 13 H 160 : C , 82 , 94 H , 8 . 57
Found: C , 83 . 11 H , 8 . 32 .
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Oxidation of 35 with Jone's reagpmt yielded a white solid which
was the ketone 27a by comparison of theit it Spectra.
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